Introduction
============

Postoperative cognitive decline or dysfunction (POCD) is a common postoperative complication that is frequently observed after general anesthesia in the immediate postoperative phase or in some cases up to 4 weeks postoperatively. POCD can persist for months or even be life-long. ^[@B1],[@B2]^ This problem is often transitory and may be influenced by general postoperative readjustment, opioids, pain, and fatigue.^[@B2]^ In patients undergoing general anesthesia, researchers have noted a wide range of neurocognitive impairment including stroke, postoperative delirium, depression, and early- or late-onset memory impairment.^[@B3]^ Microembolisms, hypoperfusion, risk factors for heart disease, and techniques used in surgery could result in these complications.^[@B4]^ Many of these factors such as age or genetics are unmodifiable.^[@B5]^ However, some factors such as anesthetic medications and surgical techniques can be controlled and optimized.^[@B6]^ Indeed, cognitive impairment following surgery, especially cardiac surgeries, is the result of brain ischemia and hypoperfusion that occurs during surgery for a variety of reasons.

Regarding surgical techniques, several researchers have noted a POCD incidence rate of 53% following on-pump variants of coronary artery bypass graft (CABG) surgery.^[@B7]^ Moreover, anesthesia could also influence the incidence and severity of such complications due to the effects of anesthetic medications or potential incidents in the induction or maintenance of anesthesia.^[@B8]^ In contrast, some anesthetic medications may also have a protective effect on brain function.^[@B9]^ Opioids, midazolam, and dexmedetomidine are usually administered as sedatives for patients under monitored anesthesia care.^[@B10],[@B11]^ Benzodiazepines are sedative, anxiety-reducing, and hypnotic drugs that because of their effects through GABA receptors are widely used in clinical anesthesia.^[@B12]^ Midazolam, a benzodiazepine, is used immediately before the induction of anesthesia and causes loss of ability to form new memories. It, however, does not relieve pain and a high dosage of it can lead to increased recovery time, a weakened respiratory system, and decreased arterial oxygen saturation.^[@B13]^ Some studies have reported reduced cognitive impairment between 1 and 3 days after surgery when dexmedetomidine is administered. Dexmedetomidine, an α2-adrenergic receptor agonist, also has sedative, anxiolytic, hypnotic, analgesic, and sympatholytic effects. Two trials have shown that dexmedetomidine, by comparison with midazolam or propofol, improves pain tolerance in patients.^[@B14]^ It is used as a sedative and pain reliever, without having a risk of respiratory depression. Anesthetic medications can directly impact the nervous system with such clinical presentations as cognitive impairment and memory deterioration.^[@B6],[@B15],[@B16]^ Aggravated cognitive impairment can even occur in short surgical interventions, which is considered a significant issue.^[@B7],[@B15]^ POCD can lead to increased recovery time and negatively affect patients' quality of life.^[@B17]^

In view of the prescription of a variety of sedative medicines and the high impact of cognitive and memory functions on quality of life, there is a critical need for the analysis of factors affecting memory and cognitive functioning postoperatively. Accordingly, in the present study, we evaluated the effects of dexmedetomidine and midazolam during CABG anesthesia on cognitive and memory function, with a view to establishing interventions aimed at reducing cognitive and memory impairment and improving the health and well-being of patients undergoing surgery.

Methods
=======

Forty-five patients undergoing elective CABG with general anesthesia at Ghaem and Shariati hospitals, Mashhad, Iran, between 2016 and 2018, who met the study's inclusion criteria were enrolled in this randomized controlled trial.

The study's proposal was registered at the Iranian Registry of Clinical Trials (IRCT) (IRCT 20170429033680N7, registration No. 33680) and was approved by the Ethics Committee of Mashhad University of Medical Sciences, Mashhad, Iran (Code: IR.MUMS.sm.REC.1394.553).

This study was double-blind, and all the participants signed an informed written consent form for participation. Our inclusion criteria were age between 20 and 65 years and candidacy for elective CABG under general anesthesia. The exclusion criteria included lack of cooperation until the end of the trial, a history of heart attacks and long cardiopulmonary resuscitation, a history of deep vein thrombosis in the preceding 6 months, a history of advanced renal or liver diseases, surgical durations exceeding 5 hours,a history of cerebrovascular accidents, patients with no formal education, and patients with a mean arterial pressure of less than 60 mmHg for more than 2 minutes or a peripheral capillary oxygen saturation level of less than 90% for more than 1 minute during surgery.

One day before surgery, all the participants underwent the Persian versions of the Mini-Mental State Examination (P-MMSE) and the Wechsler Memory Scale (WMS) test to determine cognitive impairment and memory functions. On the day of surgery after standard monitoring, arterial line placement was carried out. The patients were randomly assigned to the midazolam group (Group A, n=23) or the dexmedetomidine group (Group B, n=22) based on the electronically randomized method.

Group A received midazolam 0.05--0.1 mg/kg (Caspian Tamin Pharmaceutical Co., Iran) and Group B received dexmedetomidine 1 $\mu g$µg/kg (Precedex) (Hospira, Inc., Lake Forest, USA), intravenously. For both groups, fentanyl (Aburaihan Pharmaceutical Co., Iran) and propofol (Dongkook Pharm. Co., Korea) were administered for the induction of anesthesia, as well as muscle relaxants, to facilitate intubation. Additionally, fentanyl and propofol infusion was used for the maintenance of anesthesia to keep the bispectral index in the range of 40 to 60. The patients underwent on-pump beating CABG. Aortic and venous cannulation was done, without cardioplegia and aortic cross-clamping. If needed, Apotel or fentanyl was used as an analgesic after surgery.

The cognitive and memory tests were done 1 day before, and subsequently 5 and 30 days after surgery, through 2 examinations (MMSE and WMS). Then, the postoperative results of these tests were compared with the preoperative results and the results of the other group. In addition, cerebrovascular accidents and the duration of stay in the intensive care unit for each participant were recorded.

The MMSE is a cognitive impairment measurement widely used to screen for dementia and the estimation of cognitive changes over time. We used the Persian version of the examination, which consists of three 5-point items (each consisting of 5 questions), three 3-point items, one 2-point item, and four 1-point items, for a total of 30 points. The 5-point items are concerned with time and place orientation. The 3-point items comprise following 3-staged commands (e.g., stand up, walk, and sit) and delayed and immediate memory. The 2-point item is about naming 2 objects, 1 point for each. Finally, the four 1-point items consist of reading, writing, repeating a phrase, and drawing. The minimum score is 29 for individuals with higher education, 27 for individuals with secondary and high school education, 25 for individuals with elementary education, and 19 for illiterate individuals.^[@B8]^

The WMS is an objective measure for memory function and provides appropriate information regarding memory function that differentiates clinical groups. We used the Persian version of the Wechsler Memory Scale (P-WMS). This test can be used to measure learning, the recollection of immediate or delayed memory, focus, attention, and orientation. We used the WMS test consisting of 7 subsets with some modifications. The modules are comprised of: 1) Personal awareness of daily and personal routines, 2) Awareness of time and place (spatial and temporal orientation), 3) Mental control, 4) Logical memory, 5) Repeating digits forward and backward, 6) Visual memory, and 7) Symbol learning.

We calculated the sample size based on the assumption of a large effect size (d=0.8) with respect to α=0.05 and β=0.2 for the comparison of 2 independent means, using the G Power software, which estimated 22 patients per group. All the data were entered into the SPSS software, version 16 (Chicago, SPSS Inc), and analyzed. Numbers and frequencies were used for the categorical data and mean±standard deviations (SDs) for the continuous variables. The Student *t*-test or the Mann--Whitney test was applied to compare the continuous variables between the 2 groups. The χ^2^test was employed to compare the categorical variables between the 2 groups. ANOVA for Repeated Measures was utilized to analyze the differences between the 2 groups during the follow-up period. The Spearman correlation coefficient between "pre and post hemoglobin" and "WMS and MMSE" was calculated. A P value of less than 0.05 was considered statistically significant.

Results
=======

The sociodemographic characteristics of the participants are depicted in [Table 1](#T1){ref-type="table"}. Overall, 45 participants in 2 groups were enrolled in the study. Two patients were excluded due to death and reoperation for drainage after surgery in Group A. In Group B, 1 patient was excluded due to drainage after surgery. Finally, 21 participants in each group were enrolled in the study ([Figure 1](#F1){ref-type="fig"}).

There were no significant differences between the 2 groups in the MMSE and WMS before surgery, but the WMS was significantly different during a 30-day follow-up period after surgery (P=0.026). The midazolam group showed higher cognitive impairment and lower WMS scores than did the dexmedetomidine group ([Table 2](#T2){ref-type="table"}). The WMS results showed that the preoperative mental control and logical memory among the participants of the 2 groups had no significant difference, while the difference was statistically significant during the 30-day follow-up period after surgery (P=0.016 and P=0.046, respectively) ([Table 2](#T2){ref-type="table"}).

The results of the MMSE showed that the 2 groups were not significantly different with respect to any of our tests (pre- or postoperative) ([Table 3](#T3){ref-type="table"}).

There was no statistically significant relationship between the hemoglobin, WMS, and MMSE results pre- or postoperatively ([Table 4](#T4){ref-type="table"}).

The midazolam group showed higher cognitive impairment and lower WMS scores than did the dexmedetomidine group.

![Participants' follow-up diagram](JTHC-14-67-g001){#F1}

###### 

Demographic characteristics of the participants in the 2 study groups[\*](#TFN1){ref-type="table-fn"}

  -----------------------------------------------------------------------------------------
                                        Group A (Midazolam)\   Group B (Dexmedetomidine)\
                                        (N=21)                 (N=21)
  ------------------------------------- ---------------------- ----------------------------
  Age (y)                               55.47±7.18             55.39±6.08

  Sex[\*](#TFN1){ref-type="table-fn"}                          

         Female                         4 (17.4)               4 (18.2)

         Male                           19 (82.6)              18 (81.8)

  History of DM                         11 (47.8)              12 (54.5)

  History of HTN                        9 (39.1)               14 (60.0)

  History of HLP                        11 (47.8)              14 (66.7)

  Postoperative arrhythmia              0                      2 (9.5)

  Need for reoperation                  2 (8.7)                1 (4.5)
  -----------------------------------------------------------------------------------------

DM, Diabetes mellitus; HTN, Hypertension; HLP, Hyperlipidemia

Data are presented as mean±SD or n (%).

###### 

Results of the Wechsler Memory Scale (WMS) in the 2 study groups[\*](#TFN2){ref-type="table-fn"}

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                 Group A (Midazolam)\   Group B (Dexmedetomidine)\   P[\*\*](#TFN3){ref-type="table-fn"}   P[\*\*\*](#TFN4){ref-type="table-fn"}
                                                 (N=21)                 (N=21)                                                             
  ---------------------------------------------- ---------------------- ---------------------------- ------------------------------------- ---------------------------------------
  Wechsler Memory Scale                                                                                                                    0.026

         Preoperative                            89.04±14.30            97.10±18.10                  0.059                                 

         5 days after surgery                    87.47±12.88            98.40±19.50                  0.035                                 

         30 days after surgery                   87.60±14.30            103.53±19.93                 0.005                                 

  Detailed results of the WMS                                                                                                              

         Personal awareness 1                                                                                                              0.706

              Preoperative                       5.52±0.81              5.23±0.74                    0.373                                 

              5 days after surgery               5.66±0.79              5.71±0.56                    0.806                                 

              30 days after surgery              6.33±1.79              6.80±2.33                    0.374                                 

         Orientation                                                                                                                       0.621

              Preoperative                       4.95±0.49              4.85±0.35                    0.202                                 

              5 days after surgery               4.95±079               4.09±0.3                     0.348                                 

              30 days after surgery              4.95±0.49              4.90±0.33                    0.348                                 

         Mental control                                                                                                                    0.003

              Preoperative                       5.76±2.95              7.52±1.96                    0.475                                 

              5 days after surgery               5.28±2.66              7.42±1.93                    0.003                                 

              30 days after surgery              5.04±2.45              7.71±1.64                    \<0.0001                              

         Logical memory                                                                                                                    0.029

              Preoperative                       6.28±3.3               8.28±4.5                     0.143                                 

              5 days after surgery               6.71±4.01              9.50±5.31                    0.046                                 

              30 days after surgery              6.38±3.94              10.20±5.52                   0.016                                 

         Repeating digits forward and backward                                                                                             0.541

              Preoperative                       6.52±2.04              6.76±2.36                    0\. 526                               

              5 days after surgery               6.45±2.01              6.70±2.35                    0.373                                 

              30 days after surgery              6.33±1.79              6.80±2.33                    0.188                                 

         Visual memory                                                                                                                     0.141

              Preoperative                       6.19±3.15              7.33±1.95                    0.340                                 

              5 days after surgery               6.23±2.99              7.05±0.00                    0.360                                 

              30 days after surgery              6.42±2.83              7.76±1.60                    0.137                                 

         Visual reproduction                                                                                                               0.402

              Preoperative                       9.14±2.76              9.85±3.52                    0.627                                 

              5 days after surgery               9.14±3.05              9.61±3.33                    0.713                                 

              30 days after surgery              8.95±2.67              10.04±3.10                   0.130                                 
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Data are presented as mean±SD.

Mann--Whitney test

Repeated measures of ANOVA

###### 

Results of the Mini-Mental State examination in the 2 study groups[\*](#TFN5){ref-type="table-fn"}

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------
                                 Group A (Midazolam)\   Group B (Dexmedetomidine)\   P[\*\*](#TFN6){ref-type="table-fn"}   P[\*\*\*](#TFN7){ref-type="table-fn"}
                                 (N=21)                 (N=21)                                                             
  ------------------------------ ---------------------- ---------------------------- ------------------------------------- ---------------------------------------
  Mini-Mental State Score                                                                                                  0.124

         Preoperative            25.57±3.41             22.61±5.60                   0.108                                 

         5 days after surgery    24.76±3.16             22.40±4.90                   0.120                                 

         30 days after surgery   24.80±3.18             23.55±4.18                   0.394                                 
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------

Data are presented as mean±SD.

Mann--Whitney test

Repeated measures of ANOVA

###### 

Relationships between hemoglobin, the Wechsler Memory Scale (WMS), and the Mini-Mental State Examination (MMSE) at various time points

                                          Preoperative Hemoglobin   Postoperative Hemoglobin
  ------------------------------- ------- ------------------------- --------------------------
  Wechsler Memory Scale                                             
        Preoperative              r       0.167                     0.216
  P                               0.297   0.175                     
        5 days after surgery      r       0.149                     0.230
  P                               0.353   0.147                     
        30 days after surgery     r       0.228                     0.270
  P                               0.151   0.088                     
  Mini-Mental State Examination                                     
        Preoperative              r       -0.072                    0.013
  P                               0.656   0.934                     
        5 days after surgery      r       -0.010                    0.060
  P                               0.952   0.710                     
        30 days after surgery     r       0.000                     0.040
  P                               0.998   0.804                     

r, Spearrman correlation coefficient test; P, P value

Discussion
==========

Our analysis of memory and cognitive impairment showed that the 2 study groups were significantly different with respect to the WMS postoperatively. The dexmedetomidine group showed fewer signs of cognitive impairment than did the midazolam group, 5 and 30 days after surgery. In addition, the mental control item and the logical memory item of the test were significantly better in the dexmedetomidine group than in the midazolam group.

Other studies have reported similar results. In China, Qian and co-workers[@B18] examined the effects of dexmedetomidine on POCD. The goal of their study was to identify how dexmedetomidine protects the brain after major surgery in middle-aged patients. The researchers measured cognitive impairment using the Y-Maze method. They also measured inflammatory cytokine interleukin 1 beta, tumor necrosis factor, and apoptosis-related factor caspase-3 via polymerase chain reaction and analyzed the findings using western blot. Their results showed that the administration of dexmedetomidine significantly improved cognitive function on the first and third days after surgery. In addition, there was an increase in inflammatory cytokines following surgery, which went down remarkably with the use of dexmedetomidine. Furthermore, they reported that POCD could contribute to hippocampal inflammatory response and neuronal apoptosis and that selective alpha 2 adrenal receptor excitation could play a protective role. This is in line with our findings insofar as we found significantly lower cognitive impairment in the dexmedetomidine group 5 and 30 days after surgery compared with the midazolam group.

Maldonad and colleagues[@B19] investigated the effects of dexmedetomidine on the reduction of postoperative delirium following CABG on patients who underwent elective cardiac surgery with general anesthesia and were then randomly assigned to 1 of 3 sedative postoperative protocols: dexmedetomidine, propofol, or midazolam. Their results showed that the incidence of delirium was 3% in the dexmedetomidine group, 50% in the propofol group, and 50% in the midazolam group. This showed the significantly lower incidence of delirium in the dexmedetomidine group by comparison with the others. Their findings also showed that dexmedetomidine administration postoperatively significantly reduced back pain after surgery and also reduced care costs. In another study, the effects of dexmedetomidine and midazolam on human cognitive function and mood were analyzed. The results indicated that dexmedetomidine, depending on the dosage administered, could lead to some visual and mental impairment. In addition, the authors of that investigation asserted that the effects of dexmedetomidine might primarily impact the cardiovascular system by controlling the sympathetic nervous system and that sedation was a secondary effect achieved with higher doses of dexmedetomidine. Even though the mental effects of dexmedetomidine appeared quickly, cognitive impairment and, importantly, the decrease in systolic and diastolic blood pressures appeared over time. It was also observed that both of them had similar quantitative and qualitative effects on the pain.[@B20] Bisetto and others[@B21] examined the sedative and analgesic effects of dexmedetomidine, midazolam, and dexmedetomidine--midazolam mix in a group of 6 tegus (Salvator Merianae). The results showed that midazolam had sedative, but not analgesic, effects. In contrast, dexmedetomidine had analgesic, but not sedative, effects. The combination of these 2 increased the sedative effects but failed to result in increased analgesic effects. Arpaci et al.[@B22] performed a comparison of the effectiveness of remifentanil-dexmedetomidine and remifentanil-midazolam combinations for patients under monitored anesthesia care for cystoscopies. The results showed that target sedation levels were achieved faster in the dexmedetomidine group than in the midazolam group (P\<0.0001). Dexmedetomidine also had remarkably less influence on cognitive function than did midazolam (P\<0.0001). In addition, the dexmedetomidine group had notably higher satisfaction levels among both patients and surgeons.

We also found that the relationship between cognitive impairment and the medication had no correlation with hemoglobin levels. The hematocrit value may be related to the outcome after CABG. Habib and associates[@B23] found that the lowest quintile of hematocrit was related to vital organ dysfunction, morbidity, and 6-year survival in a survey of 5000 consecutive operations. Also, Karkouti and colleagues^[@B24]^ found a positive association between the risk of perioperative stroke and the lowest operative hematocrit. However, in a study examining cognitive dysfunction, Harrison and associates[@B25] found no correlation between cognitive outcome and hematocrit.

Further studies in this area are strongly encouraged. There are some limitations to our study. Firstly, due to the repetition of the same cognitive tests, the patients might have learned and memorized the questions; thus, the results for the subsequent tests might have been inflated (practice effect). Secondly, one day before surgery, the patients are usually under a great deal of stress and anxiety, which negatively affects their cognitive tests. In contrast, 30 days after surgery, having gained confidence in their well-being and surgery outcome, patients may enjoy an improvement in their cognitive function.

To the best of our knowledge, this is the first study to compare the effects of midazolam and dexmedetomidine on POCD in on-pump beating CABG in Iran.

Conclusion
==========

Our results showed that dexmedetomidine had a lower impact on cognitive function than did midazolam. The results of this study support the administration of dexmedetomidine instead of midazolam in cardiac surgery.
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